1. Animals that forage for food via bioturbation can alter their habitat, influencing soil turnover, 17 nutrient cycling and seedling recruitment, effectively acting as ecosystem engineers. Many digging 18 mammals forage for food by digging small pits and creating spoil heaps with the discarded soil. 19
with average annual rainfall of 864 mm (Bureau of Meteorology, station # 009679). Our work washas been the focus of restoration trials within sections of Yalgorup National Park (see Ruthrof et al. 156 2016) . South-western Australian soils are old, leached and nutrient deficient (McArthur & Bettenay 157 1960; Henderson & Johnson 2016) , and consequently mycorrhizal fungi play an important role in 158 maintaining plant health. 159
160

Soil nutrients 161
We identified 20 recent foraging pits created by quenda, within the previous 1 -2 months, at Martin's 162
Tank, Yalgorup National Park (29/10/2012). Samples from three locations along the foraging pit 163 profile were collected: i) the base of the foraging pit (hereafter called pit), ii) the spoil heap or ejecta 164 mound (spoil), and iii) adjacent undisturbed ground, located within 0.5 m of the foraging pit (control). 165
From each location, we collected soil samples (~ 150 g) for nutrient analyses. Standard soil nutrient 166 analyses, undertaken by CSBP Soil and Plant Analysis Laboratory (Bibra Lake, Western Australia), 167 examined nutrient quantities that may be important for plant growth: nitrate nitrogen (mg/kg), 168 ammonium nitrogen (mg/kg); phosphorus (mg/kg; Colwell), potassium (mg/kg; Colwell), sulphur 169 (mg/kg; KCI 40), organic carbon (carbon, %; Walkley-Black), as well electrical conductivity (dS/m; 170 which provides an indication of the level of nutrient salts present (Landis 1989) and pH level (CaCl 2 171 and H 2 0). 172 and control. Activity of the enzymes results in the hydrolytic cleavage of FDA (colourless) intofluorescein (fluorescent yellow-green). Enzyme activity is quantified by assessing the intensity of 180 colour using spectrophotometry (490 nm). A range of fluorescein dilutions was used (n = 5) to 181 generate a standard curve and optical densities converted to µg fluorescein produced per gram of soil. 182
183
Plant growth and colonisation of arbuscular mycorrhizal fungi 184
To examine growth of seedlings, we collected 60 soil cores from the three locations (pit, spoil, and 185 control from 20 replicate foraging pits) using a cylindrical corer (plastic PVC pipe inner diameter: 27 186 x 10 cm L x W) and carefully transferred the soil to standard, free-draining pots of similar dimensions 187 to the corer with minimal disturbance of soil. Pots were placed in a glasshouse, seeded with 10 E. 188 gomphocephala seeds into each pot (3/11/2012) and watered automatically once daily. Germination 189 was successful with all pots containing seedlings (median 8 seedlings per pot) and were thinned to the 190 largest single seedling per pot (at 7 weeks, 21/12/ 2012). We measured seedling height (cm) every 12 days, with a total of 13 measurements over a 3-month period. Prior to harvesting (25/03/2013), we 192 measured the final height and stem width (mm, using digital callipers, 1 cm from the soil surface). 193
Shoots were harvested using secateurs to cut the shoot off at 5 mm from the soil surface and were 194 dried at 70°C for 3 days, before weighing (g). 195
196
To collect root material, we gently removed roots from the pots and washed the root mass to remove 197 excess soil, then gently dried with paper towels. Fine roots were identified using visual inspection 198 and a small sample (~0.5 g) was carefully removed into a fine sieve (0.5 mm) to examine AM 199 colonisation. Fine root samples were stored in 70% ethanol, with remaining root material dried at 200 70°C for 3 days before weighing (g). Fine roots (<1 mm in diameter) were later fixed in formalin 201 acetic acid (FAA) solution (13 ml formalin + 5 ml acetic acid + ethyl alcohol) and cut into 1-cm-long 202 segments. Mycorrhizal colonization was assessed according to methods described by Brundrett et al. 203 (1984) . The root segments were washed with water and placed in 20-ml vials containing 10% KOH 204 solution and incubated for 30 min at 90°C. Roots were washed with water and dyed with 0.05%overnight. Ten randomly selected root segments per plant replicate were mounted on each of three 207 microscope slides and examined for mycorrhizal colonisation under an Olympus BX50 transmitted 208 light bright field microscope (Olympus, Japan). The number of colonised root sections was counted 209 and summed across the three slides and converted to a proportion of the 30 root sections examined. 210
211
Statistical analyses 212
Individual seedling trajectories were fitted by modelling seedling height using a Gamma distribution 213 as a smooth function of time since sowing via the gamm4 package (Wood & Scheipl 2013) 
in R (R 214
Core Team 2016). The resulting smoothed model trajectories were used to calculate rate of maximum 215 growth for each seedling (mm day -1 ). We used a hierarchical mixed modelling approach to examine 216 the strength of the effect of the foraging pit location (pit, spoil, control) on both soil characteristics 217 (conductivity, nutrients and FDA) as well as the plant growth response variables. The variables final 218 height, max growth, dry shoot biomass, dry root biomass and stem width were modelled using a 219 gamma distribution, and the proportion of AM in roots were modelled using a binomial distribution 220 based on the 30 observations. As soil characteristic variables were used as predictors of the plant 221 growth response variables in subsequent analyses (see below) they were transformed (where 222 necessary) to optimize spread across the predictor range and improve scaling relationships. The 223 nutrients phosphorus, potassium and sulphur were natural log transformed, FDA was cube-root (cbrt) 224 transformed and conductivity was square-root (sqrt) transformed. Following transformations all soil 225 characteristic variables were modelled via a Gaussian distribution. Each variable was modeled using a 226
Generalized Linear Mixed Model (GLMM), including foraging pit identifier as a random intercept to 227 account for non-independence of the three locations (pit, spoil and control) sampled at each foraging 228 pit replicate. Initial models were fit using the function glmer from the lme4 library (Bates et al. 2015) 2 AICc of the model with the lowest AICc was assumed to be the optimal model, with the relative 255 importance of each predictor across the whole model set calculated as summed model weights. All 256 models were fit using GAMMs, via the gamm4 function from the gamm4 package (Wood & Scheipl 257 significantly greater in the spoil soil than either the pit or control soil. Carbon was least in the pit 263 compared to either spoil or control soil (Fig. 1d) . Soil location significantly influenced conductivity, 264 potassium and carbon, with models including foraging pit location having substantially smaller AICc 265 values than the null models (Fig. 1) . Although there was a trend for higher levels of phosphorus and 266 sulphur in the spoil compared to pit soil (based on 95% CI; Fig, 1b and 1e ), the AICc, models 267 including location had very little support, indicating that differences were not strong. The pH level 268 (both CaCl 2 and H 2 0) did not vary among the foraging pit locations, and is not considered in any 269 further analyses (not shown on Fig. 1) . 270
271
Soil microbial activity 272
There was more microbial activity in the spoil and control soil, indicating the pit soil was 273 comparatively sterile, and soil microbial activity, indicated by hydrolysed FDA (Fig. 1f) , showed 274 strong support for the inclusion of soil location in a model. 275
276
Plant growth and colonisation of arbuscular mycorrhizal fungi 277
There was no difference in the number of seedlings that germinated among foraging pit locations at 278 seven weeks post-sowing in pots in the glasshouse trial (location mean seedlings ±95% CI; Pit = 7.8 ± 279
1.1; Spoil = 7.8 ± 0.7; Control = 7.5 ± 0.8). Location along the foraging pit had a strong influence on 280 seedling growth over time with seedlings grown in the spoil soil taller than seedlings grown in pit or 281 control soil (location model AICc: 2778.3 versus null model AICc: 2815.3; Fig. 2 ). Seedlings in the 282 spoil soil were already slightly taller than seedlings in the pit soil at the first measurement (49 days 283 since sowing) and by the third measurement (62 days since sowing) differences in the heights of 284 seedlings among foraging pit locations were distinct (Fig. 2) . Seedlings grown in the spoil soil grew 285 more rapidly than seedlings grown in either the pit (2.8 times faster) or control (~2 times faster) soils 286 ( Fig. 3b) , especially in the first 40 days of measurements ( Fig. 2) . At the time of harvest (142 days 287 since seeding), seedlings from the spoil soil were double the height of pit seedlings and 1.5 times 288 taller than the control seedlings ( Fig. 3a) . At harvest, seedlings grown in the spoil soil had the greatestshoot biomass (4 times heavier than seedlings from the pit; Fig 3c) , stem width ( Fig. 3d ) and root 290 biomass (3.5 times heavier than seedlings from the pit; Fig. 3e ). By contrast, seedlings grown in the 291 pit soil were consistently the shortest seedlings ( Fig. 2 & 3) . Seedlings in the pit soil had the 292 narrowest stems (Fig. 3d ) and smallest shoot biomass (Fig. 3c) , while their root biomass was not 293 different to the seedlings grown in the control soil (Fig. 3e) . The seedlings grown in the pit soil, 294 despite being typically the smallest seedlings observed, exhibited the greatest proportion of AM 295 colonization (4 times greater than for seedlings from the pit; Fig. 3f) . 296 297
Predictors of seedling growth 298
Potassium, phosphorus, FDA and electrical conductivity were the strongest predictor variables for the 299 six seedlings response variables examined (Fig. 4) . For each seedling response variable there was 300 only one preferred model (all other models had ∆AICc > 2), with each model for the seedling 301 response variable containing two predictor variables (Table 1) We have demonstrated that foraging activities of quenda alter soil properties, including nutrient 310 concentrations and microbial activity, which facilitates greater plant growth of young seedlings. The 311 differences in soil properties were most evident in spoil soils (the soil ejected from the foraging pits) 312
where the subsequent growth of seedlings was 1.5-2 times greater than seedlings grown in control 313 (undisturbed) or foraging pit soils. Seedling growth response variables were best predicted by greaterhydrophobicity (Valentine et al. 2017) , our current results illustrate that digging activities of quenda 318 also significantly increases native plant growth. 
Why does quenda digging facilitate seedling growth? 387
In our study, seedling growth was substantially greater for seedlings grown in soil from the spoil heap 388 created by quenda than either the foraging pit or adjacent undisturbed soil. Potential reasons for 389 enhanced seedling growth may be due to reduced bulk density of soil in the spoil heaps and altered 390 litter decomposition rates. Although we did not measure bulk density among the soil treatments, 391 previous research has identified that spoil heaps created by digging animals often have lower bulk 392 animal foraging activities (Eldridge et al. 2016) . 412 413 Even though we collected the soil, and sampled the nutrients, when the foraging pits were still 414 relatively fresh (within ~2 months of creation), the greater levels in the spoil soil we observed is likely 415 to have occurred due to greater rates of litter decomposition (with the spoil heap containing surface 416 litter that was buried by the spoil heap). During the glasshouse trial, the litter in the spoil soil may 417 have continued to decompose (especially given the constant supply of water), adding nutrients to the 418 soil, and potentially accounting for the relatively steep growth rate of seedlings grown in the spoil 419 heaps within 2 -3 months since seeding (Fig. 1) . In contrast, the pit had captured very little litter and 420 had low levels of microbial activity potentially explaining the slow seedling development. In the 421 field, we have observed the spoil heap partially degraded into the pit, and the foraging pits of digging 422 mammals often becomes a reservoir that collects litter (and seeds) over time 
